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The interaction of ricin with ganglioside GM, or glycoprotein containing liposomes was investigated. At neu- 
tral pH, ricin bound to galactose moieties on the surface of the liposomes to form ricin-liposome complexes, 
but did not associate with their lipid bilayers. When these ricin-liposome complexes were exposed to a pH 
below 5, ricin bound to GMI-liposomes became associated with the lipid bilayer, whereas ricin bound to glyco- 
protein-liposomes (containing human erythrocyte Band 3) was only rarely associated. Association of ricin 
with the lipid bilayer of GM,-liposomes did not occur in the presence of lactose, which inhibits the binding 
of ricin to ganglioside GM~. Using a hydrophobic probe, 8-anilino-1-naphthalene sulfonic acid (ANS), it 
was revealed that an acidity below pH 5 resulted in exposure of hydrophobic regions on the ricin molecule. 
These results strongly suggest hat association of ricin with the lipid bilayer of G&iposomes at acidic pH 
is mediated by the binding of ricin to ganglioside G ~1 at neutral pH and occurs through interaction between 
the exposed hydrophobic region on the ricin molecule and the lipid bilayer of GM1-liposomes at low pH. 
Ricin; Protein-lipid interaction; Liposome; Ganglioside GM, 
1. INTRODUCTION 
Ricin is a toxic lectin present in castor bean 
(Ricinus communis) seeds, which is constituted by 
two polypeptide chains, A and B, linked by a single 
disulfide bridge [l]. The A-chain inhibits protein 
synthesis in eukaryotic cells by inactivating 60 S 
ribosomal subunits [2]. The B-chain binds 
divalently to galactose or N-acetylgalactosamine 
containing receptors on the cell surface and pro- 
motes the endocytosis of ricin [3]. Electron- 
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microscopic studies using ricin-ferritin conjugates 
[4] or ricin-colloidal gold conjugates [5] suggested 
the possibility that ricin molecules taken up by en- 
docytosis may traverse the endosomal membrane 
into the cytoplasm. Also, with diphtheria toxin, it 
has been shown that low pH is an essential require- 
ment for the passage of the toxin into cytoplasm 
[6,7]. However, the molecular mechanism of these 
passages remains unknown. Using liposomes 
prepared from dipalmitoylphosphatidylcholine 
(DPPC), we found that ricin did not interact with 
the lipid, whereas isolated A- and B-chains effec- 
tively associated with DPPC-liposomes of which 
the A-chain penetrated into the lipid bilayer and 
destabilized their organization [8]. 
Here, we report the roles of receptors and 
acidification in ricin-lipid interaction and results 
demonstrating association of the ricin molecule 
with the lipid bilayer of ganglioside GMl-liposomes 
at acidic pH. 
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2. MATERIALS AND METHODS 
2.1. Materials 
Ricin was isolated by the method established in 
our laboratory [9] and labelled with “‘1 by the lac- 
toperoxidase method as described by Marchalonis 
[IO]. The specific activity of 1251-ricin was 140,&i 
per mg. Total red blood cell membrane lipids were 
extracted from human red blood cell ghosts with 
chloroform/methanol (2: 1) and washed by the 
Folch partition method [l 11. Ganglioside GM~ was 
prepared from bovine brain gray matter according 
to Ledeen et al. [12]. Glycoprotein receptor for 
ricin was extracted from ghosts of human red 
blood cells (0 type) in 4% Triton X-100/2 mM 
Tris-HCI buffer, pH 7.4, by the method of Findlay 
[ 131, and then purified by affinity chromatography 
on a ricin-Sepharose 4B column in 0.1 M NaCl/lO 
mM Tris-HCI buffer, pH 7.4, containing 0.1% 
Triton X-100. The major component of these 
receptor glycoproteins was human erythrocyte 
Band 3. 8Anilino-1 -naphthalene sulfonic acid 
(ANS) was purchased from Sigma and Ficoll 400 
from Pharmacia. All reagents used were of 
analytical grade. 
described [S]. The materials were fractionated in 
1.0 ml portions from the top of the centrifuge 
tube. The amount of liposome-bound “‘1-ricin 
was estimated by measuring the radioactivity of 
each fraction. In order to expose receptor-bound 
ricin to acidic pH, 800 pl of 0.1 M NaCI/SO mM 
acetate or phosphate buffer (pH 2.8-6.3) was add- 
ed to lower the pH of the mixture (200~1) in which 
1251-ricin was preincubated with receptor-con- 
taining liposomes at 4°C for 10 min. Then, after 
addition of 50 mM lactose to the incubation mix- 
ture , ‘*‘I-ricin associated with the lipid bilayer was 
separated by the floatation method as above. 
2.4. Fluorescence measurement 
ANS (50/1M) was preincubated with ricin (3 /IM) 
for 30 min in 0.1 M NaC1/20 mM buffer adjusted 
to the desired pH. Fluorescence of ANS was 
measured in a 1 cm quartz cuvette using a Hitachi 
(type 204) spectrofluorometer. Excitation was set 
at 360 nm and emission was scanned from 400 to 
600 nm. 
3. RESULTS AND DISCUSSION 
2.2. Preparation of liposomes 3.1. Hydrophobic association of ‘2sI-ricin with 
Ganglioside GMr-liposomes were prepared under 
nitrogen by sonication of GM~ and total red blood 
cell membrane lipids (5 : lOO,w/w) in 0.1 M 
NaC1/20 mM phosphate buffer, pH 7.4, for 15 
min at 0°C as described [8]. For the preparation of 
glycoprotein-liposomes, 0.5 mg of glycoprotein 
(2.5 mg/ml of deionized water) as added to 10 mg 
of total red blood cell membrane lipids previously 
sonicated twice under nitrogen for 5 min at 33°C 
in 1 ml of the same buffer, and the mixture was 
further sonicated three times for 1 min under the 
same conditions as above. 
GMAiposomes 
2.3. Interaction of ricin with receptor-containing 
liposomes 
‘251-ricin (25 pg) was incubated either with 1 mg 
of GMi-liposomes or with 1.25 mg of glycoprotein- 
liposomes in 1 ml of 0.1 M NaC1/20 mM phos- 
phate buffer, pH 7.4, at 4°C for 10 min and the 
mixture was further incubated at 20°C for 30 min. 
The liposome-bound ‘251-ricin was separated from 
unbound ‘251-ricin by the floatation method using 
a discontinuous density gradient with Ficoll400 as 
When ‘*?-ricin (25 pg) was incubated with 
ganglioside GM~ or glycoprotein containing lipo- 
somes in 0.1 M NaC1/20 mM phosphate buffer, 
pH 7.4, 55 and 46% of the total radioactivity were 
found in the respective liposome fractions, but the 
radioactivity bound to the liposomes was almost 
completely removed by addition of 50 mM lactose 
(fig. 1). These results indicate that ricin binds to the 
galactose moieties on both liposomes to form ricin- 
liposome complexes, but does not associate with 
the lipid bilayer of the liposomes. On the other 
hand, when these 1251-ricin-liposome complexes 
were incubated at pH 4.4, about 85% of the radio- 
activity bound to GMr-liposomes remained in the 
liposome fraction even after addition of lactose, 
whereas most of the radioactivity bound to glyco- 
protein-liposomes was released (fig.2). 
3.2. pH dependence of the hydrophobic 
association of ‘251-ricin with GMl-liposomes 
To evaluate the effect of pH on the association 
of ricin to the lipid bilayer of GMr-liposomes, the 
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Fig.1. Reversible binding of “‘1-ricin to receptor 
containing liposomes at neutral pH. ‘2sI-ricin (25 /rg) 
was incubated with either 1 mg of ganglioside 
GMr-liposomes or with 1.25 mg of glycoprotein- 
liposomes in 0.1 M NaC1/20 mM phosphate buffer, pH 
7.4, at 4°C for 10 min and then at 20°C for 30 min. The 
mixture was then subjected to density gradient 
centrifugation with Ficoll 400 directly (A) or after 
addition of 50 mM lactose (B). After centrifugation, the 
materials were fractionated in 1 .O ml portions from the 
top of the centrifugation tube and then radioactivities 
were measured. 
t2’I-ricin-GMt-liposome complex was incubated at 
various pH followed by addition of lactose, and 
the amount of ‘251-ricin associated with the lipid 
bilayer was estimated. As shown in fig.3, the 
association of 12’I-ricin with the lipid bilayer was 
observed with a decrease in pH to below 5.4 and 
reached a maximum between pH 4.4 and 3.4. In 
the latter pH range, more than 85% of the 
GMr-bound 12’I-ricin was associated with the lipid 
bilayer. In contrast to this, almost no association 
between them was detected when binding was done 
in the presence of 50 mM lactose (fig.3). These 
results indicated that the receptor-mediated assoc- 
iation of ricin with lipid bilayers at low pH occur- 
red specifically on GMl-bound ricin. 
3.3. Effect of pH on the ricin structure monitored 
by ANS fluorescence 
Our previous observation that ricin was not 
Fig.2. Irreversible binding of 12’1-ricin to receptor 
containing liposomes. The reaction mixture (200 pl) of 
lZ51-ricin and either ganglioside Gt,&posomes (A) or 
glycoprotein-liposomes (B) were incubated at 4°C for 10 
min; pH was brought to 4.4 by addition of 800 ,~l of 0.1 
M NaCl/SO mM acetate buffer, pH 4.3. After 
incubation at 4’C for 30 min and then 20°C for 30 mitt, 
50 mM lactose was added. The mixture was centrifuged 
as described for fig.1 and the radioactivity in each 
fraction was measured. 
associated with DPPC-liposomes while isolated A- 
and B-chains were associated with them, suggested 
exposure of the hydrophobic region of the A- 
and/or B-chain in the ricin molecule by its confor- 
mational alteration at acidic pH. Therefore, we 
monitored the binding of ANS, a hydrophobic 
probe, to ricin at various pH. As shown in fig.4, 
the fluorescence intensity of ANS bound to the 
ricin molecule was increased with decreasing pH 
and the emission spectra of the ANS-ricin complex 
also shifted to a shorter wavelength. Both changes 
occurred progressively from pH 6.4 to 5.4 and 
reached a maximum at pH 4.4. These results sug- 
gest that part of the hydrophobic regions on the A- 
and/or B-chain buried inside the ricin molecule 
may be exposed on the surface at acidic pH. 
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Fig.3. Effect of pH on the irreversible binding of 1251- 
ricin to ganglioside GM,-liposomes. The medium of 200 
pl of 0.1 M NaW20 mM phosphate buffer (pH 7.4) 
containing 25 pg “‘1-ricin, 1 mg ganglioside 
Gmi-liposomes were incubated at 4°C for 10 min in the 
presence (0) or absence (0) of 50 mM lactose. The pH 
of the mixture was lowered by addition of 800 ~1 of 
either 0.1 M NaCl/SO mM phosphate or 0.1 M NaCI/SO 
mM acetate buffer. After incubation at 4°C for 30 min 
and then at 20°C for 30 min, 50 mM lactose was added. 
The mixture was centrifuged and the radioactivity in 
each fraction was measured. The amount of irreversible 
binding was expressed as percent of ‘!‘I-ricin bound to 
the liposomes at pH 7.4. 
From these results, it was inferred that associa- 
tion of ricin with the lipid bilayer of 
GMi-liposomes at acidic pH may occur by 
hydrophobic interaction between the exposed 
hydrophobic region on the ricin molecule and the 
lipid bilayer of liposomes. However, since, even at 
acidic pH, ricin was not associated with 
GMr-liposomes when binding was done in the 
presence of lactose, it is evident that the associa- 
tion is mediated by binding of ricin to galactose 
moieties on the surface of GMr-liposomes. In addi- 
tion, the fact that this association was observed in 
GMr-liposomes but not in glycoprotein-liposomes 
suggests the importance of the proximity between 
the hydrophobic region on the ricin molecule and 
the lipid bilayer of liposomes. 
The monovalent hybrid molecule of the A-chain 
of ricin and the B-chain of Ricinus communis ag- 
glutinin, which has only one saccharide binding 
site, behaved in the same manner as ricin (not 
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Fig.4. Effect of pH on the fluorescence mission spectra 
of ANS-ricin complexes. ANS (50pM) was preincubated 
with ricm (3 PM) for 30 min in 0.1 M NaC1/20 mM 
buffer adjusted to the desired pH. NaWsodium acetate 
buffer (0.1 m) was used for adjustment of pH between 
3.4 and 5.4, NaCl/sodium phosphate buffer (0.1 M) for 
those between pH 6.4 and 7.4, and NaCl/Tris-HCl 
buffer (0.1 M) for pH 8.4. Excitation was at 360 nm and 
emission was scanned from 400 to 600 nm. (A) 
Fluorescence enhancement at ,470 nm (H) and (B) 
Ah,, (m---a) compared with the fluorescence 
spectrum of ANS solution (50 PM) plotted as a function 
of pH. 
shown), indicating that the valency is not responsi- 
ble for this association. 
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